Abstract. The irregularities in the electron density distribution of the ionosphere over the equatorial region frequently disrupt space-based communication and navigation links by causing severe amplitude and phase scintillations of signals. Development of a specification and forecast system for scintillations is needed in view of the increased reliance on spacebased communication and navigation systems, which are vulnerable to ionospheric scintillations. It has been suggested
Introduction
Space Weather has become an important area of research in recent years because of its impact on satellite-based systems. A part of the domain of Space Weather covers the altitude range 100-2000 km. This region of the atmosphere is a very sensitive part of the Earth-Sun system. Although the climatology of the Earth's upper atmosphere to solar and geomagnetic effects has been extensively studied, the day-to-day variability, or in other words, the "weather" of this region of the Earth's near-space environment is yet to be fully understood. A very important component of the International Space Weather program is concerned with the development of forecasting and nowcasting techniques for equatorial ionospheric irregularities. For designing a fail-safe communication or navigation system, prediction of the regular as well as irregular features of ionization in the upper atmosphere is essential.
The Earth's ionized upper atmosphere often becomes turbulent and develops electron density irregularities. In the presence of a relative motion between the satellite, the ionosphere and the receiver, the received signal exhibits amplitude and phase scintillations. Amplitude scintillations cause signals to fade below the average level. When the depth of fading exceeds the fade margin of a receiver, the signal becomes buried in noise and signal loss and cycle slips are encountered. Phase scintillations induce a frequency shift and when this shift exceeds the phase locked loop bandwidth, the signal is lost and the receiver spends valuable time reacquiring the signal. Overall, in the presence of scintillations, the performance of communication and navigation systems is degraded.
These propagation effects are most severe around the magnetic equator and the crests of the equatorial anomaly in the early evening hours. The morphology of the equatorial ionosphere is quite different from that at other latitudes because the magnetic field B is nearly parallel to the Earth's surface. During daytime, the E-region dynamo electric field E is eastward. Due to the "fountain effect", the resulting E×B drift transports F-region plasma upward at the magnetic equator. The uplifted plasma then moves along B in response to gravity and pressure-gradient forces. As a result, the equatorial anomaly is formed with minimum F-region ionization density at the magnetic equator and maxima at the two crests approximately 15 • to 20 • in magnetic latitude to the north and south.
Near sunset, plasma densities and dynamo electric fields in the E-region decrease, and the equatorial anomaly begins to weaken. However, at this local time, a dynamo develops in the F-region. Polarization charges within conductivity gradients at the terminator enhance the eastward electric field after sunset. The post-sunset electric field moves the ionospheric plasma upward, allowing the equatorial anomaly crests to intensify. After sunset, F-region dynamo currents are no longer subject to the shorting effect of the conducting E-layer to the north and south of the magnetic equator. Polarization fields are thus able to drive the F-layer upwards. Eventually the electric field turns westward, causing plasma to drift downward. Just before the reversal at the time of sunset, the field is much enhanced (Rishbeth, 1971) . This is called the postsunset or the pre-reversal enhancement of the eastward electric field. The pre-reversal enhancement holds the key to the formation of irregularities. This causes a rapid uplifting of the F-region, and steepens the bottomside gradient leading to the Rayleigh-Taylor (R-T) instability. Soon after sunset, vertical plasma density gradients form in the bottom side of the F layer. The upward density gradient is opposite in direction to the gravitational force. This configuration is R-T unstable and allows plasma density irregularities to form. These irregularities can grow to become large ionospheric depletions often called equatorial plasma bubbles. Recent investigations leave open the scientific question of whether an enhancement in upward E×B drift is necessary and sufficient or simply necessary for creating the ambient conditions conducive to scintillation occurrence (Anderson et al., 2004) . It is suggested that there exists a "threshold" in E×B drift that determines whether subsequent scintillation activity will occur or not. This implies that the E×B drift velocity needs to be above a certain value before bottom-side spread F can percolate upward and form equatorial bubbles, and the 'seeding' mechanism is always present and all that is required is for the E×B drift velocity to be greater than some critical value.
Development of a specification and forecast methodology for scintillations is needed in view of the increased reliance on space-based communication and navigation systems, which are vulnerable to ionospheric scintillations. It has been suggested in recent years that there is a correspondence between the development of the electrojet during the daytime and the post-sunset enhancement of the eastward electric field although the physical mechanism connecting the two is not fully clear. The equatorial electrojet controls the development of the equatorial anomaly through the fountain effect. Under strong electrojet conditions, the anomaly is developed in the afternoon hours with a steep gradient of the F-region ionization or Total Electron Content (TEC) in the region between the crest and the trough. Thus a measurement of the latitudinal gradient of electron content would provide an indication of the post-sunset eastward electric field enhancement and could validate the above suggestion. A developed equatorial anomaly in the afternoon hours may then be taken as a precursor to scintillations on transionospheric links (Raghavarao et al., 1988) . In the early days of satellite beacon observations, Faraday Rotation measurements with transmissions from Low Earth Orbiting (LEO) satellites have been utilized to show that the TEC exhibits a pronounced latitudinal variation similar to that observed with the F-region maximum ionization (NmF2) (Basu and DasGupta., 1967) . In recent years however, such measurements have been rare because of non-availability of suitable satellite transmissions. The only available satellites of the NOAA series transmitting plane-polarized signals at 136/137 MHz may however be used to study the above latitudinal features for TEC. By combining the latitudinal gradient of TEC measured in the region between the trough and the crest of the equatorial anomaly in the local afternoon hours, using transmission from LEO NOAA, with post-sunset equatorial scintillations on geostationary L-band link, both measured at Calcutta situated under the northern crest of the equatorial anomaly, the existence of any correlation between the two phenomena could be examined.
Intensity of scintillations on geostationary links is usually quantified by calculating the S 4 index from the carrier signal. S 4 index is defined as the standard deviation of the normalized signal intensity. Geostationary links sample a fixed point in space and when irregularities drift across the fixed ionospheric pierce point, scintillations are observed on the ground diffraction pattern. GPS signals employ spread spectrum technique and the carrier is the product of reconstruction in the receiving equipment. Hence both amplitude and phase scintillations on any GPS link depend on receiver properties. Scintillation indices calculated in this case are different from that on a geostationary link. Furthermore, intense scintillations may be observed on a GPS link looking "end-on" through field-aligned bubbles.
The development of the equatorial anomaly is mainly controlled by the equatorial electrojet. The strength of the electrojet could be measured by the differences between the hourly inequalities ( H) of the horizontal component (H) of the geomagnetic field at a station near the magnetic equator, situated close to the axis of the equatorial electrojet, and another station located away from the magnetic equator outside the electrojet region. This prevents any non-ionospheric contribution to the magnetic field variation, e.g. magnetospheric contributions.
Enhanced electric field raises the electron density to the topside and reverses the process of normal decay of the anomaly. Sometimes, the post sunset anomaly becomes more developed than the daytime phenomenon. The equatorial anomaly is not confined to the maximum ionization height hmF2, but extends up to several hundred kilometers in the topside of the ionosphere. The locus of the ionization crests in the topside lies on a field-line. A larger post sunset enhancement of the eastward electric field may raise the apex of the field line at the equator to heights above the nominal altitude of satellites (840 km) like DMSP. As the satellite moves across the equator, the ionization density would then either show a flat top or two crests at off-equatorial latitudes. It has been suggested that an idea about the occurrence of scintillations may be obtained from the latitudinal distribution of ion density by DMSP (Basu et al., 2002) . This paper presents parameters, measured by different techniques, as precursors to post sunset equatorial scintillations on transionospheric geostationary links at a station situated beneath the northern crest of the equatorial anomaly during the maximum of the last solar cycle in 2000-2001. These methods could be summarized as 1) measuring the latitudinal gradient of TEC in the region between the trough and the crest of the equatorial anomaly from the Faraday rotation of a plane polarized signal from a low Earth orbiting satellite, 2) calculating the diurnal maximum and integrated value of the strength of the equatorial electrojet in the Indian longitude sector, 3) estimation of the post sunset F-region height rise over the magnetic equator, and 4) determination of the width of the flat top from the latitudinal distribution of ionization density in the topside F-region obtained from satellites like DMSP. A reliable forecast of scintillations in the post-sunset hours at this geophysically sensitive region of the Earth would serve as a benchmark for the International Space Weather program. Basu and Basu (1989) . The scintillation data was scaled to obtain Scintillation Index (SI (dB)) and S 4 following Whitney et al. (1969) . The anomaly gradients calculated from NOAA records have been combined with postsunset equatorial scintillations observed from Calcutta with INMARSAT during the above period to study the existence of any correlation. The intensity of post-sunset L-band scintillations was quantified by calculating the 15-min S 4 index. Since the VHF scintillation records during the period under consideration were mostly saturated with S 4 ∼1, the maximum S 4 (S 4max ) at L-band for a particular night was used to study the day-to-day variability of the intensity of scintillations. Changes in the geomagnetic field H observed at any equatorial station need not necessarily be changes in electrojet strength. Magnetospheric changes, having a source far away from the Earth, are also recorded. Hence an equatorial station under the electrojet will have about the same magnetospheric contribution as a low latitude station outside the equatorial electrojet influence. On the other hand, the ionospheric effects at these two locations would be different. Thus the subtraction of H values at the low latitude station from the H values at the equatorial station would yield a quantity, which would be free from magnetospheric effects. In the Indian subcontinent, geomagnetic data from Tirunelveli (lat: 8.67 • N, long: 77.82 • E geographic; dip: 0.5 • N) situated within the equatorial electrojet and Alibag (lat: 19.00 • N, long: 72.83 • E geographic; dip: 24.75 • N) outside the equatorial electrojet were used to obtain an estimate of the equatorial electrojet. Denoting the hourly inequality of the horizontal component of the geomagnetic field at Tirunelveli by H T and that at Alibag by H A , a measure of the electrojet is given by ( H T − H A ) (Kane, 1973; Rastogi and Klobuchar, 1990) . Geomagnetic data were available for 85 days during August through October 2000 and 89 days during February through April 2001. Two parameters were used to correlate the strength of the daytime equatorial electrojet with post-sunset scintillations at Calcutta. One of them was the diurnal maximum value of the inequality represented by (H T -H A ) max while the other was the integrated value of the same represented by (H T -H A ) intg . In the second case, the integration was performed from the time of onset of plasma transport from the magnetic equator to off-equatorial latitudes around 08 LT till local sunset.
In order to examine the correspondence between the daytime electron density gradient, post sunset F-region height rise, and generation of ionospheric irregularities, ionosonde data from Kodaikanal (lat: 10.23 • N, long: 77.47 • E geographic; dip: 1.5 • N), a station situated close to the magnetic equator, was utilized along with ground-based satellite beacon records of Calcutta. During the period August through October 2000, Kodaikanal h F data was available on 72 days. From the h F values, the vertical plasma rise velocity was calculated over the interval from local sunset to 20:00 LT. Because of the longitudinal separation, no point-to-point correspondence should be expected between the post sunset F-region height rise over Kodaikanal and scintillations at Calcutta. However, the general behavior is likely to be more or less the same.
DMSP satellites in sun synchronous polar orbits could measure the latitudinal variation of in-situ ion density at 840 km. The satellite DMSP F13 is in a roughly dawn-dusk orientation covering the magnetic latitude range ±30 • once near local sunset at Calcutta. The ion density data from DMSP at 4-s resolution are available at http://cindispace. utdallas.edu/DMSP/. Data was available for 83 days of August through October 2000 and 79 days of February through April 2001.
Results

Latitudinal gradient of Total Electron Content (TEC)
and scintillations Samples of latitudinal variation of the equivalent vertical TEC measured using the plane-polarized transmission from LEO NOAA 14 on two consecutive days, 9 and 10 September 2000 are plotted in the top and bottom panel of Fig. 2a . The quasi-transverse (QT) propagation condition occurs when the satellite passes over 28 • -29 • N latitude and the Faraday rotation angle attains a minimum value around those latitudes. To avoid the uncertainties of Faraday rotation in the QT region, the analysis was restricted to latitudes sufficiently south of the QT point. The 15-min S 4 index for geostationary L-band scintillations observed at Calcutta on the two days mentioned above is shown in Fig. 2b . It may be observed from the top panel of Fig. 2a that the anomaly was remarkably developed on 9 September 2000 with a slope of 13.1 TEC units/degree. On this day, intense scintillations (L-band S 4max ∼0.8) were recorded at Calcutta. On the contrary, no scintillations were observed on 10 September 2000, a day with a much less latitudinal gradient of 6.1 TEC units/degree, as evident from the bottom panel of Fig. 2b . Figures 3a and b show the latitudinal gradients of equivalent vertical TEC measured on different days of two equinoxes, August through October 2000, and February through April 2001. The filled-in circles correspond to days with S 4max >0.4 at L-band whereas the crosses are for days with S 4max <0.4. The correspondence between a developed equatorial anomaly and occurrence of scintillations in early evening hours was remarkable. From Fig. 3a , it is observed that days with a latitudinal gradient exceeding 8 TEC units/degree observed with NOAA 14 in the local afternoon hours around 16:20 LT are more likely to experience intense L-band scintillations in the post-sunset hours. A significant association between the two phenomena was noted at 1% level by performing a chi-square test. Figure 3b shows a threshold value of 6 TEC units/deg for the latitudinal gradient of TEC measured from NOAA 12 around 16:30 LT for February through April 2001, corresponding to which a highly significant association was obtained at 1% level with L-band scintillations.
Variation of the anomaly gradients with L-band S 4max during the two equinoxes under consideration is presented in Figs. 4a and b. On most of the days of August through October 2000, when the TEC slope exceeded 8 TEC units/deg, as indicated by the vertical line in Fig. 4a , S 4max at L-band was greater than 0.4. It has been found that there is a significant association at 1% level between a steep gradient of ionization in the local afternoon hours and post-sunset L-band scintillations. From Fig. 4b , it was found that during February through April 2001, the association between a TEC gradient in excess of 6 TEC units/deg and L-band S 4max >0.4 is significant at 5% level. However in both equinoxes, there were occasions when a TEC slope greater than the threshold does not result in post-sunset L-band scintillations with S 4max >0.4. Table 1 presents a summary of the total number of cases associated with different values of TEC slope and corresponding S 4max at L-band, both measured from Calcutta during the two equinoxes under consideration. Since there appears to be a threshold value of the TEC slope, the cases are "binned" into two categories, namely, slope > 8 TEC units/deg or 6 TEC units/deg, and slope <8 TEC units/deg or 6 TEC units/deg (for August-October 2000 and FebruaryApril 2001, respectively). For each of these TEC slope bins, the S 4 measurements are placed into two categories, where S 4 >0.4 and S 4 <0.4. The results of "binning" could be seen in Table 1 . During August through October 2000, when the latitudinal gradient of TEC in the afternoon hours was greater than 8 TEC units/deg, a forecast that the subsequent L-band S 4max would be greater than 0.4 was correct on 65% of the days. However, when the TEC gradient was less than 8 TEC units/deg, a forecast that S 4max at L-band would be less than 0.4 would be correct 100% of the time. For the period February through April 2001, when the latitudinal gradient of TEC in the afternoon hours was greater than 6 TEC units/deg, a forecast that post-sunset S 4max at L-band would be greater than 0.4 would be correct 66% of the time. However, when the TEC gradient was less than 6 TEC units/deg, a forecast that S 4max at L-band would be less than 0.4 would be correct 70% of the time. These results suggest that, on a night-tonight basis, it might be possible to forecast scintillation activity with a two to three hour lead-time. However during the period February through April 2001, the issue for concern is the 30% of "misses" i.e. occurrence of L-band scintillations (with S 4max >0.4) with a negative forecast.
Strength of equatorial electrojet and scintillations
The daytime equatorial electrojet controls the development of the equatorial anomaly (Rastogi and Klobuchar, 1990) and it was suggested that a developed equatorial ionization anomaly in the daytime plays a crucial role in the subsequent development of F-region irregularities in the postsunset hours (Raghavarao et al., 1988) . However, no idea about the pre-reversal enhancement of the E×B drift in the post-sunset hours can be obtained from magnetogram records since the electrojet current, which is conducting in nature, disappears in that local time interval. The enhanced electric field is attributed to the polarization effect due to the F-region dynamo (Rishbeth, 1971 ). The coupling between the E and F layers around the solar terminator has been explained as a spillover of the dayside equatorial electrojet into the F-layer (Haerendel and Eccles, 1992; Eccles, 1998) , which causes the low-latitude plasma to rise. Diurnal plots of the strength of the equatorial electrojet (H T -H A ) corresponding diurnal maximum values of (H T -H A ). A chi-square test was performed between (H T -H A ) max and the S 4max at L-band for the particular night. It was found that if a threshold value of (H T -H A ) max was set at 80 nT during August through October 2000 corresponding to L-band S 4max =0.4, a highly significant association at 1% level was obtained between the two phenomena. A similar degree of association was found during February through April 2001 if the threshold value of (H T -H A ) max was put to 65 nT. However, the reverse was not always true. It should be noted that these threshold values were selected with the aim of obtaining a high degree of association between the diurnal maximum of (H T -H A ) and S 4max at L-band.
The results were put in two categories: (H T -H A ) max >80 nT or 65 nT and (H T -H A ) max <80 nT or 65 nT (for the two equinoxes under consideration). Following a procedure as described for Table 1 , it was noted that a maximum value of (H T -H A )>80 nT during the day results in L-band S 4max >0.4 in 46% of the time during August through October 2000. On the other hand, (H T -H A ) max <80 nT produces S 4max at L-band <0.4 in 81% of the time. The corresponding figures for February through April 2001 were 60% and 76% respectively. The percentages of "misses" during these two equinoxes were 19% and 24%, respectively. (Fig. 6b) , the threshold value of 320 nT for the integrated value of (H T -H A ) produces a highly significant association at 1% level with S 4max >0.4.
A relation between the integrated value of (H T -H
As before, the data was classified into two categories: (H T -H A ) intg > 450 nT or 320 nT and (H T -H A ) intg <450 nT or 320 nT (for August-October 2000 and February through April 2001, respectively). During August through October 2000, a forecast that (H T -H A ) intg >450 nT produces a post-sunset L-band S 4max >0.4 was found to be true 46% of the time while (H T -H A ) intg <450 nT produces a subsequent L-band S 4max <0.4 on 82% of the time. For February through April 2001, the corresponding figures were 61% and 75%, respectively. L-band scintillations without a forecast, based on the integrated value of (H T -H A ), occurred 18% and 25% of the time respectively for the abovementioned two equinoxes.
3.3 Post-sunset F-region height rise over the magnetic equator and scintillations Generation of equatorial irregularities over the magnetic equator in the post sunset hours is intimately related to the variation of height of the F-layer around sunset (Farley et al., 1970; Abdu et al., 1981) . It was established that a sharp rise of F-region altitude due to the pre-reversal enhancement of the eastward electric field is often followed by the generation of intense irregularities through Rayleigh-Taylor instability mechanism. Samples of h F for two days, 2 and 3 September 2000, obtained from the Kodaikanal ionosonde are plotted in Fig. 8a . The corresponding L-band S 4 indices measured at Calcutta are shown in Fig. 8b . The temporal slope of h F (dh F /dt) was calculated over the time interval from local sunset till the height reaches its maximum value (normally around 20:30 LT). On 2 September 2000, the F-layer height rise was sluggish ∼8 m/s corresponding to which no scintillations were observed at Calcutta. On the contrary, dh F /dt was very sharp next day on 3 September 2000 ∼44 m/s with S 4max ∼0.8.
The temporal slope of h F on individual days of August through October 2000 is plotted in Fig. 9 to study the correspondence between the post-sunset F-region height rise over the magnetic equator from Kodaikanal and the intensity of post-sunset geostationary L-band scintillations (indicated by the maximum S 4 index) obtained from the satellite beacon records at Calcutta. It could be seen that on a number of days, when the upward drift of the F 2 layer over Kodaikanal exceeded 25 m/s, geostationary L-band scintillations with S 4max >0.4 were recorded at Calcutta. An association at a significance level of 5% is noted between the two events. Classifying the h F slopes into two categories, one greater than 25 m/s and the other less than 25 m/s, it was found that a forecast that a h F slope >25 m/s would produce L-band S 4max >0.4 was true 43% of days. On the other hand, a forecast that h F slope <25 m/s would result in L-band S 4max <0.4 was valid 80% of the time. The "misses" i.e. occurrence of L-band geostationary scintillations (with S 4max >0.4) without a forecast occurred 20% of the cases. Anderson et al. (2004) reported a threshold value of 20 m/s for the F-region upward drift when UHF S 4 index greater than 0.5 was expected in the Peruvian/Chilean longitude sector during 1998-1999. The relationship between UHF and L-band S 4 indices is not linear. At locations like Calcutta, near the crest of the equatorial anomaly, UHF scintillation is normally saturated when S 4 at L-band is greater than 0.4. From simultaneous observations at UHF and L-band, an idea about S 4 at L-band can be obtained from the autocorrelation distance or fading rate at UHF. When the autocorrelation distance of the UHF ground diffraction scintillation pattern is small, or the fading rate at UHF is fast, L-band scintillation index is high.
Latitudinal distribution of topside ionization and scintillations
Existence of a flat-topped ionization distribution over the magnetic equator around sunset has been suggested as a possible indication of occurrence of post-sunset scintillations (Basu et al., 2002) . In order to quantify the relation between the two, the 3-dB width of the flattop (width of flattop calculated at 70% of the maxima) is suggested to be a precursor in the present paper. Fig. 12a. From Fig. 12b , a threshold width of 24 • of the flat top was found to be significant at 2.5% with L-band scintillations having S 4max >0.4. 
Summary and discussions
This paper presents, perhaps for the first time, a quantitative relation between the different suggested precursors of ionospheric irregularities and actual occurrence of postsunset equatorial F-region scintillations during the equinoctial months of the last solar maximum in 2000-2001. Since the equatorial ionosphere produces very intense saturated scintillations even at L-band in the early evening hours, failures of satellite-based communication and navigation systems are frequently encountered in this region with the worstcase figures coming from stations situated near the crests of the equatorial anomaly. The results presented in this paper, though not foolproof, provide some insight towards development of forecasting and nowcasting techniques for the equatorial ionosphere under the International Space Weather program.
It has been suggested that "bubbles" in the post sunset hours are more probable on days when the daytime anomaly is more developed (Raghavarao et al., 1988) , although the interconnection between the two phenomena is yet to be fully understood. The coupling between the E and F layers in the vicinity of the solar terminator has been worked out by Haerendel and Eccles (1992) and Eccles (1998) . According to this model, a portion of the dayside equatorial electrojet spills over into the F-layer and causes the low-latitude plasma to rise in the early post sunset hours.
The equatorial anomaly is not confined to the maximum ionization height hmF2, but extends up to several hundred kilometers in the topside of the ionosphere. Measurements of latitudinal gradient of electron content from LEO satellite transmissions have established that the TEC exhibits features similar to that of the anomaly. The present study clearly establishes that days with developed equatorial anomaly in the afternoon, as indicated by the gradient of TEC, are more likely to be followed by generation of intense equatorial bubbles resulting in L-band scintillations near the crests of the equatorial anomaly during the local post sunset to midnight hours.
In the present paper, parameters obtained from different techniques have been suggested as precursors to post sunset equatorial scintillations on transionospheric geostationary links. These methods could be summarized as:
-Measuring the latitudinal gradient of the TEC in the region between the trough and the crest of the equatorial anomaly from the Faraday rotation of a plane polarized signal from a low Earth orbiting satellite.
-Calculating the diurnal maximum and integrated value (the integration being performed from the time of onset of plasma influx from the magnetic equator to offequatorial latitudes around 08 LT till local sunset) of the strength of the equatorial electrojet in the Indian longitude sector.
-Estimation of the post sunset F-region height rise over the magnetic equator from local sunset till 20:00 LT when the vertical rise of h F stops -Determination of the width of the flat top from the latitudinal distribution of ionization density in the topside F-region obtained from satellites like DMSP.
It should be noted that in all the above techniques, the threshold values quoted were obtained exclusively with a view to finding a high degree of correlation between any one of the precursors and the occurrence of post sunset scintillations by performing a chi-square test. It is found that the successful forecasting of the occurrence of post sunset scintillations is always less than a correct forecasting of their non-occurrence. This suggests the existence of other drivers/ physical mechanisms responsible for triggering the generation of F-region irregularities. The success percentage of forecasting scintillations using Faraday rotation technique is about 65% (averaging the results obtained during the two equinoxes), which is higher compared to other techniques. The percentages of "false alarms" i.e. non-occurrence of scintillations in spite of a forecast is the lowest in this method. These cases should also be kept in mind while comparing the different techniques as they introduce wastage of resources of any communication and navigation system. However the issue of serious concern is the percentage of "misses" i.e. occurrence of intense (S 4max >0.4) scintillations without a forecast. The percentage of "misses" is also least (15% when averaged over the two equinoxes) when using a technique for measurement of Total Electron Content with a LEO satellite transmission for calculating the anomaly gradient.
The suggestion that an idea about the occurrence of scintillations may be obtained from the latitudinal distribution of ion density by DMSP (Basu et al., 2002 ) is also examined. During the period of observation of the present study, it has been observed that although the probability of occurrence of scintillations is high on days with flat-topped ion density variation over the magnetic equator, there are cases when no scintillations are observed even when a pronounced flat top variation was recorded.
Among all the different measures, determination of the latitudinal gradient of TEC provides the most reliable precursor for post-sunset equatorial scintillations. It has the highest percentage of correct forecasting of occurrence as well as non-occurrence of scintillations on a particular night along with the lowest percentage of "misses" and "false alarms" as evident from Table 2 . TEC could be measured by different techniques like Faraday Rotation of a plane-polarized signal, differential Doppler measurement or tomography. However, the Faraday Rotation technique is the most simple and inexpensive method for measuring the TEC.
